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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the radial-ply tire containing air 
which made it possible to discover the tire performance which was excellent while using effectively 
lightweight and cheap aliphatic poly ketone fiber in more detail about the radial-ply tire containing air 
which used aliphatic poly ketone fiber for the reinforcement code by specifying the molecule skeleton 
and code physical properties of aliphatic poly ketone fiber. 
[0002] 

[Description of the Prior Art] Global warming correspondence's is asked more for the high product of 
economical efficiency in connection with an admirable rise. Moreover, on the other hand in the 
advanced automatic automotive society, the further improvement demand of the performance-traverse 
ability of a tire is also high. Simplification, automation, etc. of a tire of a manufacture process are tried 
from a viewpoint of pursuit of economical efficiency. In the radial-ply tire for passenger cars which has 
2 ply carcass as such an example, examination of the improvement in productivity or curtailment of the 
material of construction is advanced by forming 1 ply. 

[0003] If 2 ply carcass tire is generally only formed into 1 ply, it will be easy to produce the fall of 
driving stability and the fall of high-speed endurance resulting from the reduction of rigidity of a carcass 
layer. Moreover, after facing forming a carcass code like before, using a fiber code as a cord fabric and 
carrying out adhesion heat treatment further from a viewpoint of the improvement in productivity, 
rubber is covered on these textiles, and after cutting to predetermined width of face farther, in order to 
skip the complicated process of casting a tire, it succeeds also in the attempt which knits up a carcass 
code into the front face of the metal mold which has the cross-section configuration of a tire beforehand 
continuously, and forms a carcass layer. 

[0004] When such continuation lacing-up structure is used, it becomes difficult substantially for the 
rigidity of the bead section neighborhood to be raised by stopping a carcass code to a bead by winding 
up the amputation stump section of a carcass code in the tire-bead section like before, and arranging the 
winding-up section on the tire outside, and for it to secure the rigidity of a tire. Although the 
productivity of a tire increases since a material preparation process is skipped sharply, since the 
winding-up section in the bead section of a carcass is lost, the problem that the rigidity in a bead 
periphery falls and the driving stability and the high-speed performance of a tire fall tends to produce 
such structure. 

[0005] The carcass material which has high rigidity and high intensity in order to solve the above- 
mentioned technical problem, and was excellent in economical efficiency was required. Conventionally, 
as a carcass code of the radial-ply tire for passenger cars, rayon fiber and the polyethylene terephthalate 
fiber were fond, and have been used. However, rayon fiber has a production scale in a reduction 
inclination globally from environmental problems, such as a problem of raw material resources, and an 
odor at the time of manufacture. Moreover, for a low reason, intensity needs to make a fiber code thick 
sharply, for making the tire of 2 ply carcass into one ply, and it also needs to increase the placing 
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number of a code, and rayon fiber has the problem that weight reduction of a tire cannot be aimed at as a 
result. Furthermore, rayon has the complicatedness that humidity management must fully be performed, 
in order to pull not only in an on-the-strength fall and for an elastic modulus to also fall according to 
moisture absorption. 

[0006] On the other hand, high intensity-ization progresses with improvement in spinning technology, 
since a polyethylene terephthalate fiber is cheap compared with the synthetic fiber of the others also in 
price, there is most amount used in recent years, and the reinforcing materials of the carcass layer in the 
radial-ply tire containing air are in use [ a polyethylene terephthalate fiber ]. 
[0007] However, after carrying out epoxy resin processing beforehand in order to raise an adhesive 
property with rubber for example, there is a problem on production that the so-called 2 bath processing 
in which resorcine formaldehyde latex treatment is given must be applied in a polyethylene- 
terephthalate-fiber code. Furthermore, when a modulus also constitutes a carcass layer for a low reason 
and is used as a tire as compared with rayon fiber, on the occasion of a high-speed run, tire outer- 
diameter growth tends to produce a polyethylene-terephthalate-fiber code, if tire outer-diameter growth 
arises — the interior of a tire — a member — it is easy to produce destruction of the adhesion interface of 
a between, and high-speed endurance tends to fall Therefore, it is not easy to form 1PLY about the tire 
which has 2 ply carcass which used the polyethylene-terephthalate-fiber code for the carcass layer, 
without causing degradation. 

[0008] If it says from the field of intensity and an elastic modulus, it is known that an aramid fiber has 
very high potential, and it is used as a carcass code of a special tire. However, the aramid fiber i s 
expensive a nd is not desirable in the viewpoint of economical efficiency . Moreover, since it is inferior to 
defatigation enduranc e, i t is necessary to twist an aramid fiber, and it needs to raise and u se a number . It 
will pull, if the numbe roftwi sts is rai sed, a nd an elastic modulusTalls, and there is a fault of being ha rd 
to use the high elastic modulus whichan aramid fiber originally ha s effectively. 
[0009] Therefore, development of the new material which is excellent in intensity and an elastic 
modulus, or economicale^ a carcass code of the radial-ply tire containing air was demanded. 
On the other Kan3TthT^ layer is used from the belt section of the radial-ply tire containing 
air by the outstanding intensity and outstanding elastic modulus. This steel-band-belt layer was the 
^ structure where a steel code consisted of two-layer [ which the code between plies crosses mutually at a 
comparatively small angle (ten - 30 degrees) to a tire hoop direction, and has a cutting plane in the 
crosswise both-sides edge of a belt layer ]. However, as for the steel-band-belt layer, because specific 
gravity was large, stress concentrated on the cutting plane, it was further easy to produce separation 
between rubber layers, and the tire weight had a large next door and the fault that high-speed endurance 
comes to be inferior. , 

[0010] The attempt which(hnpro ves high- speed e ndur anc^by arranging [ the tread side upper part of a 
steel-band-belt layer ] an orgdillt fiber c'o'dS' to p^alleTmostly at a tire hoop direction as a method of 
improving the high-speed endurance of the tire which has a steel-band-belt layer is made. However . 
when flfl prgflnic fihfif yy fl fi laver is added further in add i tion to a steel-band-belt layer, a tire weight h as 
_ the fault of increasing further. 
[001 1] moreover » as the method of avoiding the problem of the belt layer using such a steel code ~ 
lightweight - the degree of high intensity, and quantity - the method of using an elastic modulus aramid 
fiber for a belt layer is also tried However, an aramid fiber has the fault that it is lacking in an adhesive 
property with rubber, and is inferior to incurvation defatigation resistance. Therefore, in order to paste 
up an aramid fiber with rubber, after processing by the epoxy resin, the isocyanate, etc. beforehand, 
complicated processing in which resorcine formaldehyde latex treatment is given is needed. Moreover, 
in order to improve incurvation defatigation resistance, as a result of giving the high number of twists 
for having twisted this fiber in the code, since a strong fall and decline in an elastic modulus arise, 
methods, such as increasing the placing number of a code, are not needed and economical. 
[0012] Therefore, as a belt of the radial-ply tire containing^, the adhesive property was good and ^ 
development of the new organic textile materials which are excellent in intensity and an elastic modulus 
was demanded, the aliphatic poly ketone fiber indicated in recent years by JP, 1-12461 7, A, JP,2- 
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1 12413 A the U.S. Pat No. 5194210 official report, and JP,9-324377,A high intensity -- high -- it has 
a modulus property, and since an adhesive property with rubber is also still better, and it is cheap in 
order that the raw material may also use a carbon monoxide and an olefin, the possibility as a tire cord is 
pointed out 

[0013] However, the concrete technology for demonstrating a tire performance effectively is not 

indicated at all in applying the above-mentioned aliphatic poly ketone fiber to a tire. 

[0014] 

[Problem(s) to be Solved by the Invention] By using the new aliphatic poly ketone fiber code which 
changes to a polyethylene-terephthalate-fiber code, the reinforcing materials, i.e., the carcass code, of a 




la's a 1 p ly carcass tire 
r.,rmrpor.8r. o fihis inventi on are lightweight, and are excellent in degree-of- 



ltp 

^|c^wa£i^iES 
[0015] Moreover^; 

comfort nature, taQ thoiit spoiling high-sp eed enduranc^and controllability by using a new aliphatic poly 
ketone fiber code for a belflayer, and economical efficiency is to offer the high radial-ply tire containing 
air. - — 
[0016] 

[Means for Solving the Problem] The radial-ply tire containing air of this invention for attaining the 
above-mentioned purpose has the structure where of the fjh~rj^ j^f] Yf ll j Pill i fTilTTP " n rpjiF" 1nri*"ji" 
expressed w itj ^jCL^ 

wnos^efa t^ ; b^^eerLn ^df^ ^^^^^Jp^niLl^ fl__l h _^ n ,^^ \ f fYl thp iirt? rffc °f 

^^an^n at tW or 

(1) Formula -(CH2-CH2-CO) n-(R-CO) m - Three or more alkylene basic artificers examined R here 
paying attention to the property of the high intensity and the rate of high elasticity which aliphatic poly 
ketone fiber with a new carbon number has that this should be applied to the carcass layer of the radial- 
ply tire containing air. Consequently, it finds out that the aliphatic poly ketone fiber which has a specific 
molecule skeleton can balance economical efficiency and a tire performance highly, and that the tire 
performance which was further excellent by rationalizing the property of the rubber which covers this 
fiber can be discovered, and came to make this invention. 

[0018] Moreover, the radial-ply tire containing air of this invention for attaining the purpose besides the 
above In the radial-ply tire containing air which carried out the suspension of the carcass layer between 
the bead sections of a right-and-left couple, and has arranged the belt layer on the outside of the carcass 
layer in the tread section It has the structure where the fiber code which forms at least one-layer belt 
layer is expressed with (1) formula. It consists of a code which contains at least the aliphatic poly ketone 
fiber whose relation between n and m is 1 .05>= (n+m) / n>=1.00, and intensity of this fiber code is 
characterized by the pace of expansion at the time of 10 or more g/d and 2.25 g/d being 3.0% or less. 
[0019] 

(1) Formula -(CH2-CH2-CO) n-(R-CO) m - Three or more alkylene basic artificers examined R here 
paying attention to the property of the high intensity and the rate of high elasticity which aliphatic poly 
ketone fiber with a new carbon number has that this should be applied to the belt layer of the radial-ply 
tire containing air. Consequently, it finds out that the aliphatic poly ketone fiber which has a specific 
molecule skeleton can balance economical efficiency and a tire performance highly, and that the tire 
performance which was further excellent by rationalizing the property of the rubber which covers this 
fiber can be discovered, and came to make this invention. 
[0020] 

[Embodiments of the Invention] Hereafter, the composition of this invention is explained in detail with 
reference to an attached drawing. Drawing 1 illustrates the radial-ply tire containing air which consists 
of an operation gestalt of this invention. In drawing 1 , it consists of the tread section 3 which stands in a 
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row in the bead section 1 and the sidewall section 2, and both the sidewall section of a right-and-left 
couple, and the carcass layer 4 is constructed across between the bead section 1 and 1, and around the 
bead core 5, the edge of the carcass layer 4 is turned up outside and can be winding up from the tire 
inside. Moreover, in the tread section 3, the belt layer 6 is arranged over 1 round of tires on the outside 
of the carcass layer 4. 

[0021] And in this invention, the carcass layer 4 is formed in code w hich contains aliphatic poly keto ne 
fifor atleast. Although the aliphatic poly ketone fiber used here"can be obtained by the melt spinning 
SndweTspiming which were indicated by JP,1-124617,A, JP,2-1 12413 ,A, the U.S. Pat. No. 5194210 
official report, JP,9-324377,A, etc., it is indispensable in this invention to have the structure expressed 
with following the (1) formula, and to use the aliphatic poly ketone fiber whose relation between n and 
m is 1 .05>= (n+m) / n>=l .00. 
[0022] 

(1) formula -(CH2-CH2-CO) n-(R-CO) m- here -- R - a carbon number three or more alkylene 
machines — if the molar fraction (alkylene units other than ethylene) of m increases here, run growth of 
a tire will become large and endurance will fall This is considered for the crystal structure of spinning 
fiber to change with the increases in m unit, and for the secondary bond force between chains to decline. 
Moreover, since intensity falls further when it twists when the intensity of this fiber became low, and it 
considers as a code, in order to secure the disruptive strength of a tire, it is necessary to make [ many ] 
the amount of the code used, and it is lightweight and offer of the high tire of economical efficiency 
becomes difficult. It is good to use the alternating copolymerization polymer which is m= 0 more 
preferably here and which consists only of ethylene and a carbon monoxide substantially. It is suitable to 
use wet spinning for manufacturing such fiber. 

[0023] Furthermore, it is required for the tensile strength of this fiber code in the inside of a tire to use 
[ the pace of expansion at the time of 10 or more g/d and 2.25 g/d / elongation after fracture ] the fiber 
code which is 5% or more 3.5% or less as a carcass code used for this invention. 
[0024] The reason is for offering the tire which discovered lightweight nature, securing the tire 
performance of the conventional 2 ply structures average, and was still more economically excellent, 
when forming into 1 ply what used 2 ply carcass. It is necessary to make the placing number of a carcass 
code increase that the tensile strength of a carcass code is less than 10 g/d, or to make the size of a code 
thick. However, if there is too many placing, the rubber between CARS codes will be in the state where 
it does not exist substantially, it will become easy to produce the adhesive failure between a carcass 
layer and a surrounding rubber layer, and endurance will fall. On the other hand, if a code becomes 
thick, a carcass layer will become thick and reservation of lightweight nature will become difficult. 
Moreover, when the pace of expansion at the time of 2.25 g/d exceeded 3.5% and it considers as 1 ply 
carcass, growth of the direction of the diameter of a tire at the time of the high-speed run by the shortage 
of rigidity of a tire becomes large, and tends to cause the fall of the problem that high-speed endurance 
falls, or driving stability. Furthermore, especially when elongation after fracture is less than 5%, there is 
a problem that the destructive resistance by the shock from the outside to the tire side section falls. 
[0025] In this invention, it is desirable that the ranges of 60 degrees C of coat rubber which covers 
carcass code tandelta are 0.08-0.13. It is based on the knowledge to which the aliphatic poly ketone fiber 
which uses this by this invention has a low glass transition temperature, it pulls in connection with the 
temperature rise from an ordinary temperature region, and an elastic modulus falls. Moreover, this fiber 
is based on the knowledge that a fall and creep nature of a compression property increase by the 
pyrosphere more. It is thought that these phenomena arise because transition of the crystal structure of 
this fiber takes place in a a little more than 100-degree C temperature region and the secondary bond 
force between chains declines. 

[0026] Therefore, if generation of heat of the coat rubber which lays a carcass code underground is high, 
it will be easy to produce the fall of the controllability ability of a tire, and the fall of high-speed 
endurance. If tandelta exceeds 0.13 here, generation of heat of carcass coat rubber increases, by 
generation of heat, decline in the tension elastic modulus in the inside of the tire of a fiber code will 
become large, and high-speed endurance and driving stability ability will fall. On the other hand, when 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 10/30/02 



Page 5 of 14 



tandelta is less than 0.08, the oscillating degree-of-comfort property of a tire gets worse. However, 
tandelta is measured using a viscoelasticity spectrometer on conditions with 10% of initial distortion, 
****** of **2%, a frequency [ of 20Hz ], and a temperature of 60 degrees C. 
[0027] Furthermore, in this invention, a carcass code is 60 degrees C or more, and it is desirable that 
aliphatic poly ketone fiber and a glass transition temperature use the code in which for 8 or more g/d and 
an initial modulus of elasticity in tension to twist 100 or more g/d, and elongation after fracture comes 
for intensity to twist 5% or more of fiber. 

[0028] This is based on the knowledge to which the tension elastic modulus of aliphatic poly ketone 
fiber falls by the temperature rise as mentioned above. Usually, the temperature at the time of a tire run 
is 60-80 degrees C, and since it pulls by combining with textile materials with the glass transition 
temperature more than this temperature region and the fall degree of an elastic modulus can be 
suppressed, it becomes possible to suppress more a fall and high-speed performance degradation of the 
driving stability ability of a tire to altitude. However, if intensity is low even if the glass transition 
temperature of the fiber twisted is high, the on-the-strength reservation as a tire will become difficult. 
Moreover, if an elastic modulus is low, driving stability ability and the depressor effect of a high-speed 
endurance fall will become small. Furthermore, when the elongation after fracture of the fiber twisted is 
less than 5%, it is inadequate for securing the externally caused injury -proof nature of the tire side 
section. 

[0029] Although a polyethylene terephthalate fiber, polyethylene -2, 6-naphthalate fiber, and a vinylon 
are mentioned as such fiber, a tension elastic modulus, polyethylene -2 with a higher glass transition 
temperature and 6-naphthalate fiber, and a vinylon are more suitable. Moreover, as a method of twisting 
these fiber and aliphatic poly ketone fiber, after adding a lower twist for each fiber separately, the 
method of doubling first the method of doubling both and adding an upper twist, and each fiber, adding 
a lower twist, and adding an upper twist to these compounded lower twist thread further etc. is used. 
[0030] Furthermore, in this invention, it is desirable to form the carcass layer which comes to stop in the 
bead section, without turning outside the edge of the carcass layer formed from this fiber code, and 
winding it up from the inside of a tire, in the bead section. Usually, with the radial-ply tire containing 
air, as shown in drawing 1 , the edge of the carcass layer 4 is turned up and wound up outside from the 
tire inside around the bead core 5. 

[0031] However, the carcass code used for this invention is used, economical efficiency is high, and it is 
lightweight, and it is more desirable to apply the structure of drawing 2 (a) - (c) from a viewpoint which 
offers the tire excellent in the tire performance. That is, with the structure of drawing 2 (a), it has 
stopped by constituting the bead core 5 in the direction of the diameter of a tire two-layer, and putting 
the edge of the carcass layer 4 towards an outside up bead layer 5a of the bead core 5, lower bead layer 
5b, and in between from the tire inside, without winding up the edge of the carcass layer 4 on the outside 
of the bead core 5. Moreover, the carcass layer 4 is knit up by making it go and come back to a carcass 
code in the direction of a width of tire, and has structure which does not have an amputation stump in 
the edge. 

[0032] Drawing 2 (b) and (c) illustrate other structures which the bead core 5 was made to meet and 
were stopped, without winding up the edge of the carcass layer 4 on the outside of the bead core 5. In 
this case, from the bead core 5, the edge of a carcass code passes along the tire inside, and is stopped in 
the inner one end position of the bead core 5. Being able to avoid the reduction of rigidity of a tire and 
avoiding tire performance degradation, even if a carcass layer winds up and it does not have structure, 
since the tension elastic modulus is high, especially the carcass code of this invention is lightweight, and 
can offer the tire excellent in economical efficiency. 

[0033] Furthermore, the crystalline form will change and the aliphatic poly ketone fiber used for the 
carcass code of this invention will tend to produce the fall of a compression property, if the temperature 
used becomes high. Therefore, since it is avoidable that a carcass code receives compressive stress by 
applying the structure of drawin g 2 (a) - (c) where a carcass layer is not arranged on the tire outside, 
suppression of the fall of the load endurance of a tire is attained. 

[0034] Furthermore, the ranges of the twist coefficient K expressed with K=TrootD are 1200-2200, and, 
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as for the fiber code used for a carcass code by this invention, it is desirable that the total numbers of 
deniers of a code are 2000D-4000D. It not only becomes difficult fatigue-resistant to secure the twist 
coefficient K less than at 1200, but elongation after fracture falls and externally caused injury-proof 
nature gets worse. In 2200 **, it becomes it is large and difficult to secure [ of driving stability or high- 
speed endurance ] the fall of a modulus. Moreover, the total number of deniers of a code devotes itself 
under by 2000D, and also increases a number, and productivity gets worse. On the other hand, in 4000D 
**, since a number decreases and the fall of externally caused injury-proof nature and the thickness of a 
carcass layer increase, a tire weight increases. K is [ the number of upper twists of a code (a time / 
10cm) and D of a twist coefficient and T ] the total numbers of deniers of a code here. 
[0035] Drawin g 3 illustrates the radial-ply tire containing air which consists of other operation gestalten 
of this invention. It consists of the tread section 3 which stands in a row in the bead section 1 and the 
sidewall section 2, and both the sidewall section of a right-and-left couple, and the carcass layer 4 is 
constructed across between the bead section 1 and 1, and around the bead core 5, from the tire inside, the 
edge of the carcass layer 4 is turned up outside and can be winding up the radial-ply tire containing air 
of this invention. Moreover, in the tread section 3, the two-layer belt layer 6 is arranged over 1 round of 
tires on the outside of the carcass layer 4. 
[0036] And in this invention, gyg^kQll&iSXSJS^ 
polyketonefiber^yeast. AlthoUght^ 

spinnmg^^ which were indicated by JP, 1-12461 7, A, JP,2-1 12413,A, the U.S. Pat. No. 

5194210 official report, JP,9-324377,A, etc., it is indispensable in this invention to have the structure 
expressed with following the (1) formula, and to use the aliphatic poly ketone fiber whose relation 
between n and m is 1.05>= (n+m) / n>=1.00. 
[0037] 

(1) formula -(CH2-CH2-CO) n-(R-CO) m- here ~ R - a carbon number - three or more alkylene 
machines - if the molar fraction (alkylene units other than ethylene) of m increases here, at the time of a 
tire run, growth of the belt section will become large and endurance will also fall This is considered for 
the crystal structure of spinning fiber to change with the increases in m unit, and for the secondary bond 
force between chains to decline. Moreover, since intensity becomes low further when it twists when the 
intensity of this fiber became low, and it considers as a code, in order to secure the disruptive strength of 
a tire, it is necessary to make [ many ] the amount of the code used, and v it is lightweight and offer of the 
high tire of economical efficiency becomes difficult. It is good to use the alternating copolymerization 
polymer which is m= 0 more preferably here and which consists only of ethylene and a carbon 
monoxide substantially. It is suitable to use wet spinning for manufacturing such fiber. 
[0038] Furthermore, it is required for the tensile strength of this fiber code in the inside of a tire to use 
the fiber code whose pace of expansion at the time of 10 or more g/d and 2.25 g/d is 3.0% or less as a 
belt used for this invention. 

[0039] It is necessary to make the placing number of a belt increase that the tensile strength of a belt is 
less than 10 g/d, or to make the size of a code thick. However, if there is too many placing, the rubber 
between belts exists substantially and will be in the state where there is nothing, and it becomes easy to 
produce the adhesive failure between a belt layer and a surrounding rubber layer, and endurance falls. 
On the other hand, if a code becomes thick, a belt layer will become thick and reservation of lightweight 
nature will become difficult. Moreover, if the pace of expansion at the time of 2.25 g/d exceeds 3.0%, 
growth of the direction of the diameter of a tire at the time of the high-speed run by the shortage of 
rigidity of a belt layer will become large, and will tend to cause the fall of the problem that high-speed 
endurance falls, or driving stability. 

[0040] In this invention, it is desirable that M)0-degree C 100% modulus of the coat rubber which covers 
a belt is 3.5 or more MPas. It is based on the knowledge to which the aliphatic poly ketone fiber which 
uses this by this invention has a low glass transition temperature, it pulls in connection with the 
temperature rise from an ordinary temperature region, and an elastic modulus falls. Moreover, this fiber 
is based on the knowledge that a fall and creep nature of a compression property increase by the 
pyrosphere more. It is thought that these phenomena arise because transition of the crystal structure of 
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this fiber takes place in a a little more than 100-degree C temperature region and the secondary bond 
force between chains declines. 

[0041] When the 100-degree C modulus of the coat rubber which lays a belt underground is less than 3.5 
MPas, the suppression of the fall of tire controllability ability or a high-speed endurance fall by decline 
in the elastic modulus of a fiber code becomes difficult by generation of heat accompanying a tire run. 
However, the modulus of rubber is measured according to the tension test of the vulcanized-rubber 
physical-test method of a publication to K6301 of JIS (version in the 1995 fiscal year). 
[0042] Furthermore, it is desirable that the ranges of 60 degrees C of coat rubber which lays belt 
underground tandelta are 0.16-0.22. If this tandelta exceeds 0.22, generation of heat of a tire belt layer 
will increase, and even if the modulus of coat rubber is large, it becomes difficult to fully suppress the 
reduction of rigidity of a belt layer. On the other hand, when tandelta is less than 0.16, the oscillating 
degree-of-comfort property of a tire falls. However, tandelta is measured using a viscoelasticity 
spectrometer on conditions with 10% of initial distortion, ****** of **2%, a frequency [ of 20Hz ], and 
a temperature of 60 degrees C. 

[0043] Furthermore, in this invention, it is desirable that a belt is 60 degrees C or more, and aliphatic 
poly ketone fiber and a glass transition temperature use [ intensity / 8 or more g/d and an initial modulus 
of elasticity in tension ] the code which comes to twist the fiber of 100 or more g/d. This is based on the 
knowledge to which the tension elastic modulus of aliphatic poly ketone fiber falls by the temperature 
rise as mentioned above. Usually, the temperature at the time of a tire run is 60-80 degrees C, and since 
it pulls by combining with textile materials with the glass transition temperature more than this 
temperature region and the fall degree of an elastic modulus can be suppressed, it becomes possible to 
suppress more a fall and high-speed performance degradation of the driving stability ability of a tire to 
altitude. However, if intensity is low even if the glass transition temperature of the fiber twisted is high, 
the on-the-strength reservation as a tire will become difficult. Moreover, if an elastic modulus is low, 
driving stability ability and the depressor effect of a high-speed endurance fall will become small. 
[0044] Although an aramid fiber, PORIPARA phenylene BENZUBISU oxazole fiber, a polyethylene 
terephthalate fiber, polyethylene -2, 6-naphthalate fiber, and a vinylon are mentioned as such fiber, 
polyethylene 2 with higher tension elastic modulus and glass transition temperature, 6-naphthalate fiber, 
and an aramid fiber are more suitable. Moreover, as a method of twisting these fiber and aliphatic poly 
ketone fiber, after adding a lower twist for each fiber separately, the method of doubling first the method 
of doubling both and adding an upper twist, and each fiber, adding a lower twist, and adding an upper 
twist to these compounded lower twist thread further etc. is used. 

[0045] Furthermore, in this invention, it is desirable to form the belt layer 6 which are the angle of 10 
degrees or 35 degrees to a tire hoop direction, and bend tape 6a which lays underground and becomes a 
rubber matrix about a fiber code at 1 or two or more parallel at belt cross direction both ends on the 
periphery of the carcass layer 4, or it is made to go it around continuously with a clinch, and consists of 
two-layer substantially as shown in drawing 4 (a) and (b). Thus, since the amputation stump of a code is 
substantially lost by forming the belt layer 6, since the rigidity of a tire hoop direction increases, it is not 
only hard coming to generate the adhesive failure in a belt edge, but the suppression of growth of the tire 
hoop direction resulting from decline in the tension elastic modulus accompanying the temperature rise 
which is the fault of the fiber code used for this invention is attained more effectively, and offer of a tire 
with high high-speed endurance and driving stability of it is attained [ that it is more nearly lightweight 
and ]. In addition, although other examples of such structure are shown in drawing 5 (a) - (c), it is not 
limited to this. R in drawing shows a tire hoop direction. 

[0046] Moreover, it is still more desirable to provide the belt-cover layer 7 which comes to arrange an 
organic fiber code to the tread side of the belt layer 6 in parallel substantially to a tire hoop direction. It 
will bend continuously by doing in this way, or the fall of the oscillating degree-of-comfort nature 
resulting from the periodicity of the belt layer turned up and formed will be suppressed, and the tire 
which was more excellent in amenity can be offered. Although especially the organic fiber code used 
here is not limited and 66 nylon fiber, a polyethylene terephthalate fiber, an aramid fiber, etc. can be 
used, since a belt layer and a belt-cover layer can be continuously formed by using the fiber code used 
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f or the belt layer of th is invention, pro ductivity increases and offer of a tire with more high economica l 
efficiency ig seiner! 

[0047] Furthermore, the ranges of the twist coefficient K expressed with K=TrootD are 1000-2000, and, 
as for the fiber code used for a belt by this invention, it is desirable that the total numbers of deniers of a 
code are 3000D-5000D. It not only becomes difficult fatigue-resistant to secure the twist coefficient K 
less than at 1000, but elongation after fracture falls and externally caused injury-proof nature gets worse. 
In 2000 **, it becomes it is large and difficult to secure [ of driving stability or high-speed endurance ] 
the fall of a modulus. Moreover, the total number of deniers of a code devotes itself under by 3000D, 
and also increases a number, and productivity gets worse. On the other hand, in 5000D **, since the 
thickness of a belt layer increases, a tire weight increases. K is [ the number of upper twists of a code (a 
time / 1 0cm) and D of a twist coefficient and T ] the total numbers of deniers of a code here. 
[0048] 

[Example] First, it evaluated about the case where various carcass codes are changed, using 195 / 65R15 
as tire size. The conventional example 1 uses the polyethylene-terephthalate-fiber code of 1000d/2 with 
2 ply carcass structure as a conventional carcass code. Tire structure is the structure which wound up the 
carcass edge shown in drawin g 1 on the tire outside in the bead section. Moreover, the example 1 of 
comparison is an example at the time of using a polyethylene-terephthalate-fiber code for 1 ply structure 
as 2000d/2 which are the size of the double precision of the conventional example 1. Tire structure is 
structure shown in drawing 1 . The example 2 of comparison is an example using the structure which 
showed the aramid fiber which is excellent in intensity and an .elastic modulus to drawin g 1 as 1 ply 
carcass structure as a code of 1000d/2. Although the example 3 of comparison-is aliphatic poly ketone 
fiber (it abbreviates to POK-1 among a table), (n+m)/n of (1) formula is 1.07. Moreover, R of (1) 
formula is a propylene unit. 13.0 g/d and the initial modulus of the raw thread intensity of this fiber are 
the things of 160 g/d. Since fiber intensity is low, the code of 1000d/3 is used as a 1 ply carcass. Carcass 
structure has applied drawing 1 . 

[0049] An example 1 is aliphatic poly ketone fiber (it abbreviates to POK-2 among a table) of this 
invention, and is m= 0 in (1) formula, /n=l [ i.e., (n+m), ]. 18.5 g/d and the initial modulus of the raw 
thread intensity of this fiber are the things of 240 g/d. Since fiber intensity is high, this uses the structure 
of drawin g 1 by making the code of 1000d/2 into one ply. 

[0050] 60-degree C tandelta is laid under the rubber of 0.15 for any code of the conventional example 1 
and the examples 1-3 of comparison, and an example 1 . Moreover, the placing number of a carcass was 
adjusted so that the carcass total intensity of a tire might become almost equivalent. That is, it is made 
for the intensity per constant width to have become fixed. Moreover, an example 2 is an example using 
that from which only tandelta of the carcass coat rubber of an example 1 differs. 
[0051] an example 3 is ** which applied the structure which is not winding up the carcass layer edge 
shown in drawin g 2 (a) as tire structure on the tire outside in the bead section, and applied the code 
which lowered the twist coefficient further Others are the same as that of an example 2. The example 4 
is the same as an example 3 except having twisted two lower twist thread which added the lower twist to 
lOOOd of aliphatic poly ketone fiber used in the example 1 as a carcass code, and the lower twist thread 
which added the lower twist to polyethylene 2 and lOOOd (120 degrees C of glass transition 
temperatures, on-the-strength 9.2 g/d, tension elastic-modulus 220 g/d) of 6-naphthalate fiber, and 
having considered as the compound code of lOOOd in all / 3 structure. 
[0052] The tire examination used the following methods. 

Tire high-speed durability-test method: It is steel with a smooth drum front face, and readjust to 
examination pneumatic pressure and start this run, after controlling ambient temperature at 38**3 
degrees C using the drum testing machine whose diameter is 1707mm, accustoming by 88% of the load 
corresponding to the pneumatic pressure conditions specified by JATMA on condition that rim size 
15x6 J J, examination internal pressure 210KPa, and speed 81 km/h for 120 minutes, running and cooling 
radiationally subsequently for 3 hours or more. It starts from the speed of 121 km/h and this run raises 
speed at a time gradually by 8 km/h every 30 minutes, and it runs until failure occurs. The value which 
set failure distance of a criteria tire (conventional example 1) to 100, and expressed distance until failure 
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of a tire occurs with the index is made into high-speed endurance. High-speed endurance is excellent, so 
that this index number is large. 

[0053] Tire load durability-test method: Using the drum testing machine whose diameter it is steel with 
a smooth drum front face, and is 1707mm, control ambient temperature at 38**3 degrees C, and, 
subsequently run with a maximum load at 90% of a maximum load for 24 hours for 6 hours for 4 hours 
on condition that rim size 15x6JJ, examination internal pressure 180KPa, and speed 81 km/h by 85% of 
the load corresponding to the pneumatic pressure conditions specified by JATMA. A run is once 
suspended here, and if there are no abnormalities in appearance, subsequently it will run with 1 15% of a 
maximum load further at 130% of a maximum load for 2 hours for 4 hours. When abnormalities arise in 
appearance or the interior at this time, it considers as a rejection and an examination is closed. When 
abnormalities do not arise, it runs with 130% of a maximum load further for 2 hours, and it runs until it 
subsequently destroys with 145% of a maximum load at 160% of a maximum load for 4 hours. A result 
makes load endurance the value which expressed mileage until it destroys with the index when setting 
the conventional example 1 to 100. Load endurance is excellent, so that this index number is large. 
[0054] The driving-stability examining method: Equip the domestic passenger car of a displacement the 
class of 2.51. with the examination tire included in the rim of 15x6JJ by internal pressure 210KPa, run a 
test course with five trained drivers, and carry out feeling evaluation. A result is graded by the five-point 
method based on the following criteria by the relative comparison with a criteria tire (conventional 
example 1), and is expressed with three persons' average mark except the peak and the minimum point, 
criterion 5: — wonderful 3.5: 4: excellent — a little excellent 3:criteria equivalent and 2.5: — a little 
inferior (practical use minimum) 1 : 2: inferior — [0055] which is greatly inferior The real vehicle 
degree-of-comfort nature examining method: Equip the domestic passenger car of a displacement the 
class of 2.51. with the examination tire included in the rim of 15x6JJ by internal pressure 210KPa, run a 
test course with five trained drivers, and carry out feeling evaluation. A result is graded by the five-point 
method based on the following criteria by the relative comparison with a criteria tire (conventional 
example 1), and is expressed with three persons' average mark except the peak and the minimum point, 
criterion 5: ~ wonderful 3.5: 4: excellent ~ a little excellent 3:criteria equivalent and 2.5: ~ a little 
inferior (practical use minimum) 1:2: inferior ~ [0056] which is greatly inferior The externally-caused- 
injury [-proof] nature evaluation method of a carcass layer: Measure the number of times until it adds a 
shock repeatedly and destroys in a tire maximum width position using an externally caused injury-proof 
[ indoor ] nature testing machine by height of 70cm, the impact load of 20kg, and cutter shock aspect 
product 5mmx25mm. What exceeded ** and 10 times for the case where the case where it destroys with 
5 or less times of shocks is destroyed with x and 6 times to 10 times of shocks was shown as O. 
[0057] The test result by the above-mentioned test method is shown in Table 1 . 
[0058] 
[Table 1] 
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[0059] Although a tire weight can be reduced in the case of the example 1 of comparison which only 
formed the polyethylene terephthalate fiber of 2 ply carcass of the conventional example 1 into the ** 
denier, and was made 1 ply-ization so that clearly from this table 1, the high-speed endurance of a tire, 
load endurance, and also driving stability fall. On the other hand, since the example 2 of comparison 
uses the aramid fiber with a high tension elastic modulus, high-speed endurance gives the conventional 
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example 1 and the result more than equivalent. However, since it is inferior to compression fatigue 
resistance of an aramid fiber, the load endurance of a tire falls. Furthermore, since it cannot fully bear if 
elongation of an aramid fiber is low and a strong shock is given from the outside, it turns out that 
externally caused injury -proof nature is falling. 

[0060] Moreover, /n is over 1.05 although the example 3 of comparison uses aliphatic poly ketone fiber 
for the carcass code (n+m). Even if high-speed endurance, load endurance, and driving stability are 
falling from the conventional example 1 so that clearly from a table, and it compares with the example 1 
of comparison, the improvement effect is small. Since (n+m)/n of this fiber code is over 1.05, this is 
considered for the creep nature on account of [ of fiber ] the crystal structure to promote tire run growth, 
and not to give an improvement of high-speed endurance. Moreover, it thinks because the interaction 
between the chains to which that an improvement of load endurance is not obtained also originates in the 
crystal structure is small. Furthermore, in order that intensity may be low and this fiber code may use a 
** denier as a code, lightweight nature also falls. 

[0061] On the other hand, since (n+m)/n uses the code which is 1.0 and the example 1 of this invention 
does not have a problem resulting from the above crystal structures, as compared with the example 1 of 
comparison, high-speed endurance and its load endurance improve, the tire performance of 2 ply carcass 
average of the conventional example 1 is obtained, and lightweight-ization by the formation of 1 ply is 
attained. 

[0062] An example 2 is an example at the time of lowering sharply 60 degrees C of coat rubber of 
example 1 tandelta. As compared with an example 1 , improvement in clear high-speed endurance and 
improvement in driving stability are obtained. Since change of the elastic modulus of a code is 
suppressed when this low code of especially a glass transition temperature is used, since the temperature 
rise of the carcass layer by run is reduced, it is thought that such an effect is acquired. Although a 
polyethylene terephthalate fiber is used for a carcass code like [ the example 4 of comparison ] the 
example 1 of comparison and tandelta of coat rubber is made to be completely the same as that of an 
example 2, there is almost no improvement effect [ example / this / the example 1 of comparison ]. Since 
the glass transition temperature of a polyethylene terephthalate fiber is high, this is considered for there 
to be almost no contribution of the reduction in generation of heat of carcass coat rubber. 
[0063] Examples 3 are an example 2 and same example except having applied substantially what 
reduced the number of twists of a code to the structure which is shown in drawing 2 (a) and which is not 
winding up the edge of a carcass layer on the outside of the bead section. Although the intensity and the 
elastic modulus of a code improve further by reducing the number of twists, generally fatigue endurance 
falls. However, lightweight-ization can be attained further, without causing the fall of fatigue endurance 
by applying this code to the structure of drawing 2 (a). 

[0064] An example 4 is an example which used the code for the carcass code as 1000D/3 which replaced 
with the carcass code of an example 3, prepared the polyethylene -2 whose glass transition temperature 
is 120 degrees C, one thing which added the lower twist to lOOOd of 6-naphthalate fiber, and two things 
which twisted for lOOOd of aliphatic poly ketone fiber the bottom, and were added to it, summarized 
these, and added the upper twist. Although lightweight nature falls to writing the size of a code as 
1000D/3 a little as compared with an example 3 so that an on-the-strength fall may be compensated, it 
turns out that high-speed endurance and driving stability improve further. 

[0065] Next, it evaluated about the casp where various belts are changed, using 195 / 65R15 as tire size. 
All the tires examined by making the|jpolyethylene-terepht halate-fiber code of 1000d/2 into 2 ply carcass^ 
structure (50 placing numbers / 5cm) as a carcass co de, anc changing only a belt '^ayerT| 



[0066] The conventional example 1 1, the example! 1 of comparison, and examples i 1-12 were made ^\ 

into the belt structure shown in drawing 3 . The conventional ex arrmkJJ-Llses^a ste el code for a belt / 

Jayer. Moreover, although the example 1 1 ot comparison is aliphatic p oly ketone tin£r?7aB ! Brevmtes to I 

XjfTl among a table), (n+m)/n of (1) formula is the thing o^RTT^wewer^Tof(\) formula consists y 

f a propylene unit. The raw thread intensity of this fiber is 13.0 g/d, and an initial modulus is the thing [ 

of 160 g/d. Since fiber intensity is low, the code of 3000d/2 is used. J 
[0067] On the other hand, an example 1 1 and an example 12 are aliphatic poly ketone fiber (it 
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abbreviates to POK-2 among a table) of this invention, and are m= 0 in (1) formula, /n=l [ i.e., (n+m), ]. 
The raw thread intensity of this fiber is 1 8.5 g/d, and an initial modulus is the thing of 240 g/d. Since 
fiber intensity is high, this is used for the belt layer as a code of 2000d/2. 

[0068] 100% modulus in 100 degrees C of the belt coat rubber of the conventional example 1 1 and the 
example 1 1 of comparison, and an example 1 1 is the thing of 3.0MPa(s), and 60-degree C tandelta is 
0.17. Moreover, 100% modulus in 100 degrees C of the belt coat rubber of an example 12 is the thing of 
4.0MPa(s), and 60-degree C tandelta is 0.19. 

[0069] As tire structure, an example 13 is equipped with the belt layer which were a predetermined 
angle to the tire hoop direction, the periphery of a carcass layer was made to go continuously around the 
tape which laid underground and becomes a rubber matrix at two or more parallel by return at belt cross 
direction both ends while, and formed the fiber code and which consists of two-layer substantially, as 
shown in drawing 4 (a). However, the belt-cover layer is not arranged. V 

[0070] The example 14 is the same as an example 13 except having twisted two lower twist thread 
which added the lower twist to aliphatic poly ketone fiber 1500D which has the frame same as a belt as 
an example 1 1, and polyethylene 2 and one lower twist thread which added the lower twist to 6- 
naphthalate fiber 1500D (120 degrees C of glass transition temperatures, on-the-strength 9.2 g/d, tension 
elastic-modulus 220 g/d), and having considered as compound 3 thread of 1 500D/3 which are structure 
in all. 

[0071] An example 15 applies the belt structure shown in drawin g 4 (a). That is, although the belt layer 
is completely the same as an example 14, the so-called belt-cover layer which made the tire hoop 
direction go one layer of organic fiber codes around continuously mostly on it at parallel IsaSanged. 
Thgbel^g^ 
usecKfoTm^xa^ 

[UtW^J In addition, the placing number of the code of a belt layer was adjusted so that the belt total 
intensity of a tire might become almost equivalent. That is, it is itiade for the intensity per constant width 
to have become fixed. Furthermore, all the angles to the tire hoop direction of a belt were made into 24 
degrees. 

[0073] The tire examination used the following methods. 

Tire high-speed durability -test method: It is steel with a smooth drum front face, and readjust to 
examination pneumatic pressure and start this run, after controlling ambient temperature at 38**3 
degrees C using the drum testing machine whose diameter is 1707mm, accustoming by 88% of the load 
corresponding to the pneumatic pressure conditions specified by JATMA on condition that rim size 
15x6JJ, examination internal pressure 210KPa, and speed 81 km/h for 120 minutes, running and cooling 
radiationally subsequently for 3 hours or more. It starts from the speed of 121 km/h and this run raises 
speed at a time gradually by 8 km/h every 30 minutes, and it runs until failure occurs. The value which 
set failure distance of a criteria tire (conventional example 1 1) to 100, and expressed distance until 
failure of a tire occurs with the index is made into high-speed endurance. High-speed endurance is 
excellent, so that this index number is large. 

[0074] The driving-stability examining method: Equip the domestic passenger car of a displacement the 
class of 2.51. with the examination tire included in the rim of 15x6JJ by internal pressure 210KPa, run a 
test course with five trained drivers, and carry out feeling evaluation. A result is graded by the five-point 
method based on the following criteria by the relative comparison with a criteria tire (conventional 
example 11), and is expressed with three persons' average mark except the peak and the minimum point. 

criterion 5: - wonderful 3.5: 4: excellent ~ a little excellent 3:criteria equivalent and 2.5: ~ a little 
inferior (practical use minimum) 1:2: inferior - [0075] which is greatly inferior The real vehicle 
degree-of-comfort nature examining method: Equip the domestic passenger car of a displacement the 
class of 2.51. with the examination tire included in the rim of 15x6JJ by internal pressure 210KPa, run a 
test course with five trained drivers, and carry out feeling evaluation. A result is graded by the five-point 
method based on the following criteria by the relative comparison with a criteria tire (conventional 
example 1 1), and is expressed with three persons' average mark except the peak and the minimum point. 
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criterion 5: ~ wonderful 3.5: 4: excellent ~ a little excellent 3:criteria equivalent and 2.5: - a little 
inferior (practical use minimum) 1 : 2: inferior - the test r|sult by the above-mentioned test method 
which is greatly inferior is shown in Table 2 
[0076] 
[Table 2 
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[0077] Although lightweight-ization is attained and, as for the example 1 1 of comparison using that to 
which (n+m)/n is over 1.05 although it replaces with the steel code belt of the conventional example 1 1 
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and aliphatic poly ketone fiber is used for the belt so that clearly from this table 2, a degree-of-comfort 
performance is also improved, high-speed endurance is falling more greatly than the conventional 
example 1 1 . Moreover, since fiber intensity is low as compared with an example 1 1 and the thick code is 
used, lightweight nature is also falling. On the other hand, since the example 1 1 of this invention uses 
the code whose (n+m)/n is 1 .0, while high-speed endurance maintains a performance of the same grade 
as the conventional example 1 1, it rides with lightweight nature and improvement of mentality is 
obtained. The reason controllability and high-speed endurance were improved is considered because the 
fall of the interaction between the chains to which it originates in the crystal structure of fiber since the 
example 1 1 turned the ratio of (n+m)/n appropriately to the example 1 1 of comparison was suppressed, 
the growth possibility of fiber decreased and tire run growth decreased. 
[0078] An example 12 raises 100-degree C 100% modulus of the coat rubber of an example 11. 
Consequently, improvement in clear driving stability is obtained as compared with an example 1 1 . 
Therefore, without spoiling high-speed endurance and driving stability as compared with the 
conventional example 1 1, it is lightweight and has become the tire excellent in degree-of-comfort nature. 
An example 13 forms a belt layer continuously and high-speed endurance and its driving stability are 
improving greatly as this result as compared with an example 12. 

[0079] An example 14 is an example which replaced with the belt of an example 1 3, twisted the 
polyethylene -2 and 6-naphthalate fiber whose glass transition temperature is 120 degrees C, and 
aliphatic poly ketone fiber, and was used for the carcass code. In this case, although lightweight nature 
falls to writing the size of a code as 1500D/3 a little as compared with an example 13 so that an on-the- 
strength fall may be compensated, it turns out that high-speed endurance and driving stability improve 
further. 

[0080] An example 15 is an example which has arranged the belt-cover layer using the same code with^ 
^Jjie-b^in4h^^arnple 1 3 AJth™ 1 ,* 1 ^s^wn ght nature is spoiled by arrangement of a belt-cover la yer,/ 
.high-speed endurancej hd (ariving stabil it_/k lso improve^ andit turns out thatdggree-ot-comtort nature \ 
has moreover improved greatly. This is considered thalf ^egree-of-comfog fi^ire was improved greatly ( 
as a result of being eased because the periodicity of the belt layer produced by liavinp:-fbrmed the belt_ \ 
layer con tinu ously uses a belt-cover layer togeth er. - ^ \ 

[0081] J 
[Effect of the Invention] As explained above, the tire performance which according to this invention was 
excellent while using effectively lightweight andj^to^p^aliphat^^ fiber by using aliphatic 

poly ketone fiber for the reinforcement code ofa carcass lay^ ^ r ^^lt la vsfr, and specifying the 
molecule frame and code physical propertie^^Kiflliplmfi^p^KSoi^ fiber can be discovered. 

[Translation done.] 
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